2 whereas the Lagoon of Cabras (mean depth ~2 m) has the character of a coastal lake in which 23 wind is the main hydrodynamic forcing factor. A comparison of sediment grain-size distributions 24 with water circulation patterns in different parts of the lagoons highlighted some interesting 25 differences. Grain-size analyses of samples reveal a deficiency of particles around 8 μm in the 26 LC, which is interpreted as reflecting the transition between cohesive flocs/aggregates and non-27 cohesive coarser silt particles, while the transition limit in the LV is  20 m. Thus, particles are 28 cohesive below 8 m in the LC and below 20 m in the LV. This is probably because of the 29 differences in the clay/silt ratio, which is much lower in the LV ( 0.3) than in LC (1), 30 conferring a "silt-dominated network structure" on most of the LV sediments. 31
whereas the Lagoon of Cabras (mean depth ~2 m) has the character of a coastal lake in which 23 wind is the main hydrodynamic forcing factor. A comparison of sediment grain-size distributions 24 with water circulation patterns in different parts of the lagoons highlighted some interesting 25 differences. Grain-size analyses of samples reveal a deficiency of particles around 8 μm in the 26 LC, which is interpreted as reflecting the transition between cohesive flocs/aggregates and non-27 cohesive coarser silt particles, while the transition limit in the LV is  20 m. Thus, particles are 28 cohesive below 8 m in the LC and below 20 m in the LV. This is probably because of the 29 differences in the clay/silt ratio, which is much lower in the LV ( 0.3) than in LC (1), 30
conferring a "silt-dominated network structure" on most of the LV sediments. 31
The hydrographical data used were root mean square velocity (RMSV) and water residence time 32 (WRT), computed under the main forcing conditions. The results show a general correlation 33 between RMSV and sortable silt in the LC, and between RMSV and coarser sediments (63-105 34 m) in the LV. Some significant differences between the lagoons were detected in the degree of 35 correlation between WRT and grain size. Root mean square velocity (~7 cm s -1 in the LV and ~3 36 cm s -1 in the LC) was a greater forcing factor in the LC than in the LV. Conversely, WRT, which 37 is on average ~16 days in the LV and ~19 days in the LC, has more influence in the LV. This 38 study highlights the usefulness of comparing environments with different hydrodynamic 39 energies, e.g., tidal and/or wind-driven currents, to elucidate and thereby improve our 40 understanding of the processes governing the spatial distribution of sedimentological features, the 41 transport mechanisms of sediments, and the relationship between them. The results demonstrate 42 7 at 70 sites during field work in 1997-1998, organised by the Consorzio Venezia Nuova (CVN) 168 and sponsored by the Magistrato alle Acque (Water Authority) ( Fig. 1) . At each site, the 169 sampling area consisted of a circle approximately 2 m across, with a central point fixed by 170 geographical co-ordinates. From each area, 6 sediment cores were taken (15 cm depth, 7 cm in 171 diameter, equally distributed within the circle) and combined to form a "composite" sample. In 172 this way, the probable sampling error was reduced by 60% (Krumbein, 1934) . 173 After removing organic matter with H 2 O 2 , grain-size analysis of the sediments was performed by 174 dry sieving and hydrometer for sand (>63 m) and mud (<63 m) fractions respectively. The 175 sample treatment and analytical details have been described elsewhere (Molinaroli et al., 2007) . 176
The silt-clay boundary was taken to be 4 µm. 177
178

Lagoon of Cabras (LC) 179
The samples processed in this study were collected during April-May 2001. Thirty stations, 180 spaced 750 m apart, were selected on a regular square grid covering the whole lagoon (Fig. 2) . 181 Sediment samples were collected using a manual corer (40 cm long, 10 cm diameter) penetrating 182 20 cm into the sediments. 183
The samples were treated with H 2 O 2 in order to eliminate organic matter and wet sieved through 184 a 63 µm mesh. The sand fraction (>63 µm) was treated with 1-0N HCL to dissolve the CaCO 3 of 185 any bioclastic material, which was occasionally present in significant quantities due to colonies 186 of Ficopomatus enigmaticus. The bioclastic component can significantly affect grain size 187 distribution, leading to a misleading interpretation of the relationships between grain size data 188 and hydrodynamics. Grain-size analysis of the <63 µm fraction was performed using a Galai CIS 189 1 laser particle sizer (Molinaroli et al., 2000) . The sample treatment and analytical details have 190 been described elsewhere . 191
Sediments were classified using the textural classification of gravel-free muddy sediments on 192 ternary diagrams proposed by Flemming (2000) . Again, the silt-clay boundary was taken to be 4 193
µm. 194
The two sets of grain-size data were analysed in different ways. The LV dataset is based on a 195 sedimentation technique while the LC dataset is based on the time-of-transition technique. correspondence between < 4 µm (Galai) and < 2 µm (Sedigraph), with less accentuated 204 differences using the time-of-transition laser technique (Galai) than laser diffraction (Malvern). 205
In any case, the results provided by the two techniques cannot be directly used for objective 206 comparison unless some normalisation procedures are applied (Goossens, 2008) . To achieve this, 207
we analysed 30 samples with both techniques and the relationships between the data obtained 208
were estimated by means of variation/residuals analysis and regression analysis. Galai was found 209 to overestimate the coarse-silt fraction (22-63 µm) only slightly (3%) and the finest fraction (< 1 210 µm) more considerably (8%), whilst fine silt and clay were slightly underestimated (2-5%). 211
Contrary to Goossens, we found a good correspondence between hydrometer and Galai for the <8 212 µm and <22 µm fractions. The equations were: 213 % Galai = 1.055 x % Hydrometer (r=0.75; p<0.001) for the < 22 µm fraction, and 214 % Galai = 1.035 x % Hydrometer (r=0.82; p<0.001) for the < 8 µm fraction. 215
The equation was then used to recalculate the numerical results from the hydrometer to allow 216 comparison with the results from the Galai particle sizer. The data obtained from the conversion 217 show slight differences of ±2% with respect to the original LV dataset (range 1-4%). 218
In any case, the bias of the laser may actually have reduced the apparent differences between the 219 two data sets and therefore our main conclusions are valid. 220 TOC content was measured for the total sample set in both LV and LC sediments. 221 In order to compare the hydrographical and flushing features of the two lagoons, the root mean 253 square current velocities (RMSVs) and water residence times (WRTs) were calculated from the 254 model results. The RMSV was computed for each element of the two numerical domains using 255 the formula: 256
where vel(x, y) is the horizontal velocity at point (x,y), the bar indicating a suitable average. 258
The RMSV gives a good estimate of hydrodynamic activity in the two basins. Specifically, the 259 erosion process is generally dependent on bottom shear stress (WBSS), of which the formula is: 260
where C B is the bottom drag coefficient and  is the water density. 262
In both the LV and LC, the sediment samples are characterized by very low depth variability, less 263 than 8% for the LC and 10% for the LV, whereas they are characterized by high variability in 264 terms of RMSV values (see section 4). The WBSS variability within each dataset is largely 265 governed by RMSV variability, which can be properly used as a parameter to characterise the 266 variability of hydrographical forcing factors in each basin (Molinaroli et al., 2007) . 267
Wind wave dynamics and their influence on hydrology and sediment transport were not 268 considered in this study, for either lagoon. In the LV, waves induced by strong Bora and Sirocco 269 winds can cause wave heights of up to 50 cm in the shallow lagoon areas (Ferrarin, et al. 2008) , 270 where they can be considered an important factor in the sediment resuspension process. 271
Nevertheless, since the tide is the main factor forcing water circulation, tidal currents were 272 assumed to be the main factor controlling long term sediment transport and distribution inside the 273 LV, rather than wind wave forcing. In the LC, where wind fetch is strongly restricted by the 274 limited size of the basin, waves induced by strong wind events are characterized by very low 275 amplitude, and their effects on sediment dynamics are comparable to the effects of the main 276 current flow. 277
The WRTs of the two lagoons were computed following an Eulerian approach. The WRT was 278 58). Overall, silt is the dominant size fraction in the LV (61% on average), whereas silt and clay 305 both account for 45% on average in the LC (Tab. 1). The LV thus has a lower clay/silt ratio 306 (mean 0.3) than the LC (mean 0.9). The clay/silt ratio, particularly with non-cohesive silts 307 (sortable silts), seems to be related to hydrodynamic conditions, as will be discussed later. 308
Sediment TOC is much lower in the LV (mean 1.1%; min. 0.3; max. 3.1) that in the LC (mean 309 3.3%; min. 1.0; max. 4.3). TOC in marine sediments is normally associated with the finest grain-310 size fraction and for this reason organic carbon content is commonly compared on the basis of 311 mud content (Tyson, 1995) . However, this does not take into account the fact that the mud 312 fraction may contain both non-cohesive (sortable) silts and cohesive muds, the former (like sand) 313 containing little organic carbon. The spatial variability of TOC in the LC -despite the uniformly 314 muddy nature of the sediment -can indeed be better explained in terms of its association with the 315 cohesive mud fraction. In the LV, by contrast, the situation is exactly the opposite, the sediment 316 being dominated by non-cohesive silt which, as a consequence, has lower organic carbon content. 317
The LV sediments were classified in terms of the influence of marine processes, and three groups 318 were identified, containing samples from: (a) the northern part and near the landward shore, (b) 319 the central area, (c) the southern part and near the three seaward inlets. In terms of physical 320 energy, the lagoon varies from relatively high energy on the seaward side, which is influenced by 321 tidal flows through the three main inlets connecting the lagoon to the Adriatic, to quiescent 322 conditions on the landward side. 323
The averaged frequency curves of samples from the (a) and (b) groups show that the mud 324 fractions are composed of two distinct populations (Fig. 3) . The (a) group includes very well 325 sorted coarser silts with a pronounced peak at about 63 m, indicating an affinity to very fine 326 sand, and a second population consisting of poorly sorted finer silts and clays with one peak at 327 about 11 m and a second at 1.5 m. The (b) group also includes very well sorted coarser silts 328 with a pronounced peak at about 63 m, and a second population consisting of poorly sorted finer 329 silts and clays with modest peaks. An important characteristic is that in both (a) and (b) groups 330 the two populations are separated by a deficiency of particles at about m, which means that 331 they are both composed of two major sub-populations, one greater and one smaller than this size. 332 333 Insert Fig. 3 . 334
335
The averaged frequency curve of the LC samples shows that the mud fraction is composed of two 336 distinct populations (Fig. 4) . One includes well sorted silt with a peak at 11 µm (medium silt), 337 the other poorly sorted finer silt and clay with a well-defined peak at 4 m and a smaller peak at 338 1.5 m. An important feature is that the mud fraction is characterised by a deficiency of13 particles at 8 µm, which means that they are composed of two major sub-populations, one 340 The textural composition of the LV and LC sediments in terms of sand/silt/clay ratios is shown 348 on a ternary diagram (Fig. 5) , the location of the data points within the diagram reflecting specific 349 hydrodynamic energy conditions (Flemming, 2000) . 350
The diagram reveals that the sediments of the three LV groups plot in a belt reflecting an 351 intermediate energy gradient (Flemming, 2000) . 
Characterisation of the mud fraction in the LV and LC 389
The grain-size composition of the mud in the two lagoons was investigated in more detail. The 390 dynamic behaviour of fine particles (<63 µm) in the course of transport is quite different and 391 more complicated than that of sand. This is because fine-grained sediments are generally 392 composed of two different particle groups with different hydraulic properties -non-cohesive silts 393 (well-sorted coarser silt) and cohesive mud (unsorted silty clays) (Dyer, 1986 (Fig. 6) . The resulting ternary plot shows that most of the samples from the LV are 413 composed of coarser sediment than the samples from the LC, which are mainly composed of silty 414 clay (<8 m). Generally speaking, coarser non-cohesive silts reflect stronger near-bed flows and 415 selective deposition. The location of LV sediments changes only slightly in the new ternary 416 diagram (cfr. Fig. 5 and 6 ). The position of the LC samples, by contrast, changes considerably, 417 most of the samples shifting towards the <8 µm apex (Fig. 6) . 418 419 Insert Fig. 6 . 420
421
To investigate trends in the sediments of the two lagoons when the cut-off for the cohesive 422 fraction was raised even higher, we plotted the <22 m fraction against the 22-63 m and >63 423 m fractions (Fig.7) . (Fig. 12) . 531
In the LC, RMSV shows a good positive correlation with the 63-8 µm grain-size fraction (Fig.  532   12a ) and a reasonable negative correlation with the <8 µm grain-size fraction (Fig. 12b) . 533
In the LV, RMSV shows a good positive correlation with the 105-63 µm grain-size fraction (Fig.  534   12c ) and a negative correlation with the <22 µm grain-size fraction (Fig. 12d) , corresponding to 535 very fine sand and non-cohesive coarser silt respectively. Furthermore, we found good 536 correlations between the <22 µm grain-size fraction and WRT for those samples located outside 537 the regression confidence band in the plot (Fig. 12e) . These samples are from areas which, 2. The ternary diagrams show that most of the sediments from the LC are composed of 556 cohesive silt (<8 µm), whereas the sediments from the LV are mainly composed of a 557 coarser population 8-63 µm in size, the cut-off for the silty fraction being 20 µm. 558 3. The LV is characterised by high variability of both hydrodynamic activity and flushing 559
features. This variability in the lagoon is mainly dependent on the presence and location 560 of the channels and on the relative distance from the seaward inlets. 561 4. In the case of the LC, both hydrodynamic activity and flushing features are roughly 562 uniform over the basin. Therefore, the LC is more comparable to a lake, in which 563 exchanges are promoted mainly by river inputs and by evaporation and precipitation, and 564 where water circulation is mainly wind-driven. 
